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(57) Abstract: A system for enhanced 
access to subterranean zone from the 
surface includes a well bore pattern 
{lOG) having a first well bore (104) 
extending from a surface well bore 
substantially defining a first end of 
the area in the subterranean zone to a 
distant end of the area. The pattern also 
includes a plurality of lateral well bores 
(110) extending outwardly from the first 
well bore. The distance from an end of a 
lateral well bore to the surface well bore 
may be configured to be substantially 
equal for each of the lateral well bores 
to facilitate forming the lateral well 
bores. The system and method may 
also include nesting two or more well 
bore patterns within the subterranean 
zone to provide uniform coverage of 
the zone. Additionally, the system 
and method may include multiple well 
bore patterns in communication within 
common surface well bore to reduce the 
surface area required for accessing the 
subterranean zone. 
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METHOD AND SYSTEM FOR ENHANCED ACCESS 
*TO A SUBTERRANEAN ZONE 



TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to the field of subterranean exploration and 
drilling and, more particularly, to a method and system for enhanced access to a 
subterranean zone. 



BACKGROUND OF THE INVENTION 

Subterranean deposits of coal, whether of "hard" coal such as anthracite or "soft" 
coal such as lignite or bituminous coal contain substantial quantities of entrained methane 
gas. Limited production and use of methane gas from coal deposits has occurred for many 

10 years. Substantial obstacles, however, have frustrated more extensive development and 
use of methane gas deposits in coal seams. The foremost problem in producmg methane 
gas from coal seams is that while coal seams may extend over large areas, up to several 
thousand acres, the coal seams are fairly shallow in depth, varying from a few inches to 
several meters. Thus, while the coal seams are often relatively near the surface, vertical 

15 wells drilled into the coal deposits for obtaining methane gas can only drain a fairly small 
radius around the coal deposits. Further, coal deposits are not amendable to pressure 
fracturing and other methods often used for increasmg methane gas production from rock 
formations. As a result, once the gas easily drained from a vertical well bore in a coal 
seam is produced, fiirther production is limited in volume. AdditionaUy, coal seams are 

20 often associated with subterranean water, which must be drained from the coal seam in 
order to produce the methane. 

Horizontal drilling patterns have been tried in order to extend tlie amount of coal 
seam exposed to a drill bore for gas extraction. Traditional horizontal driUing techniques, 
however, require the use of a radiused well bore which presents difficulties in removing 

25 the entrained water from the coal seam. The most efficient method for pumping water 
from a subterranean well, a sucker rod pump, does not work well in horizontal or radiused 



bores. 
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Additionally, prior systems generally require a fairly large and level siirface area 
from which to work. As *a result, prior methods cannot be used in Appalachia and other 
very hilly terrain where the largest flat land area may be a wide roadway. Thus, less 
effective methods must be used, leading to production delays that add to the expense 
5 associated with degasifying a coal seam. 

SUMMARY OF THE INVENTION 

The present invention provides a method and system for accessing subterranean 
zones from a limited surface area that substantially eliminates or reduces the 

10 disadvantages and problems associated with previous systems and methods. In particular, 
an articulated well bore with a well bore pattern in a subterranean seam extends to cavity 
wells in communication with the well bore pattem in the seam. Tlie well bore patterns 
provide access to a large subterranean area while the cavity wells allow enti*ained water, 
hydrocarbons, and other deposits collected by the well bore pattem to be efficiently 

1 5 removed and/or produced. 

In accordance with one embodiment of the present invention, a subten anean well 
bore pattem for accessing an area of a subterranean zone from the surface includes a first 
well bore extending from a surface well bore substantially defining a first end of the area 
in the subterranean zone to a distant end of the area. The pattem also includes a plurality 

20 of lateral well bores extending outwardly from the first well bore. The lateral well bores 
are configured such that a distance from an end of a lateral well bore to the surface well 
bore is substantially equal for each of the lateral well bores. 

In accordance with another embodiment of the present invention, a method for 
accessing a subterranean zone from the surface includes forming a first well bore pattern 

25 in the form of a first substantially quadrilateral area. The first well bore pattem extends 
from a surface well bore. The method also includes fomiing a second well bore pattem in 
the form of a second substantially quadrilateral area. The second well bore pattem also 
extends from the surface well bore. The first and second well borie patterns are arranged 
such that a first side of the first quadrilateral area is disposed substantially in common with 

30 a first side of the second quadrilateral area. 
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In accordance with another embodiment of the present invention, a system for 
accessing a subterranean zone from the surface includes a surface well bore extending 
from the surface to the subterranean zone. The system also includes a plurality of well 
bore patterns disposed within the subterranean zone each extending in a different direction 
5 from the surface well bore. The pluraUty of well bore patterns are symmetrically disposed 
about the surface well bore. 

In accordance with yet another embodiment of the present invention, a method for 
accessing a subterranean zone from the surface includes forming a first well bore pattern 
extending from a first surface well bore and disposed witliin the subterranean zone. The 

10 method also includes forming a second well bore pattern extending from a second surface 
well bore and disposed within the subterranean zone. The first and second well bore 
patterns are arranged to nest adjacent each other within the subterranean zone. 

Technical advantages of the present invention include providing an improved 
method and S3^stem for accessing subterranean zones from a limited area on the" surface. 

15 In one embodiment, a plurality of well bore patterns are drilled in a target zone from a 
common articulated surface well in close proximity to a corresponding number of cavity 
wells. The well bore patterns are intercomiected to the cavity wells through which 
entrained water, hydrocarbons, and other fluids drained from the target zone can be 
efficiently removed and/or produced. As a result, gas, oil, and other fluids from a large, 

20 low pressure or low porosity formation can be efficiently produced at a limited area on the 
surface. Thus, gas may be recovered from formations xmderlying rough topology. In 
addition, environmental impact is mmimized as the area to be cleared and used is 
minimized. 

Yet another technical advantage of the present invention includes providing an 
25 improved method and system for preparing a coal seam or other subterranean deposit for 
mining and for collecting gas from the seam after mining operations. In particular, cavity 
wells and an articulated well are used to degasify a coal seam prior to mining operations. 
This reduces both needed surface area and underground equipment and activities. This 
also reduces the time needed to degasify the seam, which minimizes shutdowns due to 
30 high gas content. In addition, water and additives may be pumped into the degasified coal 
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seam through the combined well prior to mrning operations to minimize dust and other 
hazardous conditions, improve efficiency of the mining process, and improve the quaUty 
of the coal product. After mining, the combined well is used to collect gob gas. As a 
result, costs associated with the collection of gob gas are minimized to facilitate or make 
5 feasible the collection of gob gas &om previously mined seams. 

Another technical advantage of the present invention includes a system and method 
for enhanced access to subterranean zones from a limited surface area by nesting well bore 
patterns within the subteiranean zone. For example, in one embodiment of the present 
invention, each well bore pattern may be formed to access a generally quadrilateral 
10 configured area of the zone. Two or more of the well bore patterns may then be nested 
together to provide uniform and optimum coverage of the zone. Additionally, each nested 
well bore pattern may be formed from two or more well bore sub-patterns. The well bore 
sub-pattems generally comprise two or more discreet well bore patterns in communication 
with a common surface well bore. Thus, a variety of different shaped weU bore patterns. 
15 may be formed and nested together to obtain uniform and optimum coverage of a 
particular subterranean zone. 

Other technical advantages of the present invention will be readily apparent to one 
skilled in the art from the following figures, description, and claims. 

20 BRIEF DESCRIPTION OF THE DRAWTNG.S 

For a more complete understanding of the present invention and its advantages, 
reference is now made to the following description taken in conjunction with the 
accompanying drawings, wherein like numerals represent like parts, in which: 

FIGURE 1 is a diagram illustrating a ciross-sectional view of a system for enhanced 
access to a subteiranean zone in accordance with an embodiment of the present invention; 

FIGURE 2 is a diagram illustrating a cross-sectional view of a system for 
enhanced access to a subterranean zone in accordance with another embodiment of the 
present invention; 



25 
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FIGURE 3 is a diagram illustrating a cross-sectional view of a system for 
enhanced access to a subteiranean zone in accordance with another embodiment of the 
present invention; 

FIGURE 4 is a diagram illustrating a plan view of a well bore pattem for accessing 
5 a subterranean zone in accordance with an embodiment of the present invention; 

FIGURE 5 is a diagram illustrating a tri-pinnate well bore pattem for accessing a 
subterranean zone in accordance with an embodiment of the present invention; 

FIGURE 6 is a diagram illustrating an alignment pattem of the tri-pinnate well 
bore pattem illustrated in FIGURE 5 in accordance with an embodiment of the present 
10 invention; 

FIGURE 7A is a diagram illustrating a cross-sectional view of a system for 
enhanced access to a subterranean zone in accordance with another embodiment of the 
present invention; 

~ FIGUEIE 7B is a diagram illustrating a plan view of the system for enhanced 
15 access to a subterranean zone illustrated in FIGURE 7 A in accordance with an 
embodiment of the present invention; 

FIGURE 8 is a diagram illustrating a plan view of a well bore pattem for accessing 
a subterranean zone in accordance with another embodiment of the present invention; 

FIGURE 9 is a diagram illustrating a plan view of a well bore pattem for accessing 
20 a.subterranean zone in accordance with another embodiment of the present invention; and 
FIGURE 10 is a flow diagram illustrating a method for enhanced access to a 
subterranean zone in accordance with an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

25 FIGURE 1 is a diagram illustrating a system 10 for enhanced access to a 

subterranean zone from a limited surface area in accordance with an embodiment of the 
present invention. In this embodiment, the subterranean zone is a coal seam. It will be 
imderstood that other types of zones and/or other types of low pressm e, ultra-low pressure, 
and low porosity subterranean resources can be similarly accessed using the present 

30 invention to remove and/or produce water, hydrocarbons and other fluids from the 
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resoiirce, to treat minerals in the resource prior to mining operations, or to inject or 
introduce a gas, fluid or other substance into the subterranean zone» 

System 10 includes a well bore 12 extending from the surface 14 to a target coal 
seam 15. The well bore 12 intersects, penetrates and continues below the coal seam 15. 
5 The well bore 12 is lined with a suitable well casing 16 that terminates at or above the 
level of the coal seam 15. In FIGURE 1, well bore 12 is illustrated substantially vertical; 
however, it should be understood that well bore 12 may be fortned at other suitable angles 
to accommodate surface 14 characteristics and/or the geometric characteristics of the coal 
seam 15. 

10 The well bore 12 is logged eitlier during or after drilling in order to locate the exact 

vertical depth of the coal seam 15. As a result, the coal seam 15 is not missed in 
subsequent drilling operations and techniques used to locate the coal seam 15 while 
drilling need not be employed. An enlarged cavity 20 is fomied in the well bore 12 
proximate the coal seam 15. As described in more detail below, the enlarged cavity 20 

15 provides a junction for intersection of the well bore 12 by an articulated well bore used to 
fonn a subterranean well bore pattem in the coal seam 15. The enlarged cavity 20 also 
provides a collection point for fluids drained from the coal seam 15 during production 
operations. 

In one embodiment, the enlarged cavity 20 has a radius of approximately eight feet 
20 and a vertical dimension which equals or exceeds the vertical dimension of the coal seam 
15, The enlarged cavity 20 is formed using suitable under-reaming techniques and 
eqmpment. A portion of the well bore 12 continues below the enlarged cavity 20 to form 
a siunp 22 for the cavity 20. 

An articulated well bore 30 extends from the surface 14 to the enlarged cavity 20 
25 of the well bore 12. The articulated well bore 30 includes a portion 32, a portion 34, and a 
curved or radiused portion 36 interconnecting the portions 32 and 34. In FIGURE 1, the 
portion 32 is illustrated substantially vertical; however it should be understood that portion 
32 may be formed at any suitable angle relative to the surface 14 to accommodate surface 
14 geometric characteristics and attitudes and/or the geometric configuration or attitude of 
30 the coal seam 15. The portion 34 lies substantially in the plane of the coal seam 15 and 
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intersects the enlarged cavity 20 of the well bore 12. In FIGURE 1, the plane of the coal 
seam 15 is iUustrated substantially horizontal, thereby resulting in a -substantially 
horizontal portion 34; however, it should be understood that portion 34 may be formed at 
any suitable angle relative to the surface 14 to accommodate the geometric characteristics 
of the coal seam 15. 

hi the embodiment illustrated in FIGURE 1, the articulated well bore 30 is offset a 
sufficient distance from the well bore 12 at the surface 14 to permit the large radius curved 
section 36 and any desired portion 34 to be drilled before intersecting the enlarged cavity 
20. To provide tlie curved portion 36 with a radius of 100-150 feet, the articulated well 
bore 30 is offset a distance of about 300 feet from the well bore 12. This spacing 
minimizes the angle of the curved portion 36 to reduce friction in the articulated well bore 
30 during drilling operations. As a result, reach of the articulated drill string drilled 
through the articulated well bore 30 is maximized. As discussed below, another 
embodiment of the present invention includes locating the articulated well bore 30 
15 significantly closer to the well bore 12 at the surface 14. 

The articulated well bore 30 is drilled using an articulated drill string 40 that 
includes a suitable down-hole motor and bit 42. A measurement while drilUng (MWD) 
device 44 is included in the articulated driU string 40 for controlling the orientation and 
direction of the well bore drilled by the motor and bit 42. The portion 32 of the articulated 
20 well bore 30 is lined with a suitable casing 38. 

After the enlarged cavity 20 has been successfully intersected by the articulated 
well bore 30, drilling is continued through the cavity 20 using the articulated drill string 40 
and appropriate drilling apparatus to provide a subterranean well bore pattern 50 in the 
coal seam 15. In FIGURE 1, the well bore patfem 50 is illustrated substantially horizontal 
25 corresponding to a substantially horizontally iUustrated coal seam 15; however, it should 
be understood that well bore pattem 50 may be formed at any suitable angle corresponding 
to the geometric characteristics of the coal seam 15. The well bore pattem 50 and other 
such well bores include sloped, undulating, or other inclinations of the coal seam 15 or 
other subterranean resource. During this operation, gamma ray logging tools and 
30 conventional measurement while drilling devices may be employed to confrol and direct 
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the orientation of the drill bit 42 to retain the well bore pattern 50 within the confines of 
the coal seam 15 and to provide substantially uniform coverage of a desired area within 
the coal seam 15. 

During the process of drilling the well bore pattern 50, drilling fluid or "mud" is 
5 pumped down the articulated drill string 40 and circulated out of the drill string 40 in the 
vicinity of the bit 42, where it is used to scour the resource fomiation and to remove 
formation cuttings. The cuttings are then entrained in the drilling fluid which circulates up 
through the annulus between the drill string 40 and the walls of well bore 30 until it 
reaches the surface 14, where the cuttings are removed from the drilling fluid and the fluid 

10 is then recirculated. This conventional drilling operation produces a standard column of 
drilling fluid having a vertical height equal to the depth of the well bore 30 and produces a 
hydrostatic pressure on the well bore 30 corresponding to the well bore 30 depth. Because 
coal seams tend to be porous and fractured, they may be unable to sustain such hydrostatic 
pressure, even if formation water is also present in the coal seam 15. Accordingly, if the 

15 foil hydrostatic pressure is allowed to act on the coal seam 15, the result may be loss of 
drilling fluid and entrained cuttings into the foimation. Such a circumstance is referred to 
as an "over-balanced" drilling operation in which the hydrostatic fluid pressure in the well 
bore 30 exceeds the ability of the formation to withstand the pressure. Loss of drilling 
fluids in cuttings into the formation not only is expensive in terms of the lost drilling 

20 fluids, which must be made up, but it also tends to plug the pores in the coal seam 15, 
which are needed to drain the coal seam of gas and water. 

To prevent over-balance drilling conditions during formation of the well bore 
pattern 50, air compressors 60 are provided to circulate compressed air doAvn the well bore 
12 and back up through tlie articulated well bore 30. The circulated air will admix with 

25 the drilling fluids in the annulus around the articulated drill string 40 and create bubbles 
throughout the colunm of drilling fluid. This has the effect of lightening the hydrostatic 
pressure of the drilling fluid and reducing the down-hole pressure sufficiently that drilling 
conditions do not become over-balanced. Aeration of the drilling fluid rediices down-hole 
pressure to approximately 150-200 pounds per square inch (psi). Accordingly, low 
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pressure coal seams and other subterranean resoiirces can be drilled without substantial 
loss of drilling fluid and corftamination of the resource by the drilling fluid. 

Foam, which may be compressed air mixed with water, may also be circulated 
down through the articulated drill string 40 along witli the drilling mud in order to aerate 
5 the drilling fluid in the annulus as the articulated well bore 30 is being drilled and, if 
desired, as the well bore pattern 50 is being drilled. Drilling of the well bore pattern 50 
with the use of an air hammer bit or an air-powered down-hole motor will also supply 
compressed air or foam to the drilling fluid. In this case, the compressed air or foam 
which is used to power the down-hole motor and bit 42 exits the articulated drill string 40 

10 in the vicinity of the drill bit 42. However, the larger volimie of air which can be 
circulated down the well bore 12 pennits greater aeration of the drilling fluid than 
generally is possible by air supplied tlirough the articulated drill string 40. 

FIGURE 2 is a diagi*am illustrating system 10 for enhanced access to a 
subterranean zone from a limited surface area in accordance with another embodiment of 

15 the present invention. Li this embodiment, the well bore 12, enlarged cavity 20 and 
articulated well bore 30 are positioned and formed as previously described in connection 
with FIGURE 1. Referring to FIGURE 2, after intersection of the enlarged cavity 20 by 
the articulated well bore 30, a pump 52 is installed in the enlarged cavity 20 to pump 
drilling fluid and cuttings to the surface 14 through the well bore 12. This eliminates the 

20 friction of air and fluid returning up the articulated well bore 30 and reduces down-hole 
pressure to nearly zero. Accordingly, coal seams and other subterranean resources having 
ultra low pressures below 150 psi can be accessed from the surface 14. Additionally, tlie 
risk of combining air and methane in the well is eliminated. 

FIGURE 3 is a diagram illustrating system 10 in accordance v^dth another 

25 embodiment of the present invention. In this embodiment, after the well bores 12 and 30, 
as well as well bore pattern 50, have been drilled, the articulated drill string 40 is removed 
from the articulated well bore 30 and the articulated well bore 30 is capped. A dovm hole 
pumping unit 80 is disposed m the well bore 12 in the enlarged cavity 20. The enlarged 
cavity 20 provides a reservoir for accumulated fluids allowing intermittent pumping 
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without adverse effects of a hydrostatic head caused by accumulated fluids in the well 
bore 12. 

The pumping unit 80 is connected to the surface 14 via a tubing string 82 and may 
be powered by sucker rods 84 extending down through the well bore 12 of the tubing 
5 string 82. The sucker rods 84 are reciprocated by a suitable surface mounted apparatus, 
such as a powered walking beam 86 to operate the pimiping unit 80. The pumping unit 80 
is used to remove water and entrained coal fines fiom the coal seam 15 via the well bore 
pattern 50. Once the water is removed to the surface 14, it may be treated for separation 
of methane which may be dissolved in the water and for removal of entrained fines. After 

10 sufficient water has been removed fi-om.the coal seam 15, pure coal seam gas may be 
allowed to flow to the surface 14 tlirough the annulus of the well bore 12 around the 
tubing string 82 and removed via piping attached to a wellhead apparatus. At the surface 
14, the methane is treated, compressed and pumped through a pipeline for use as a fuel in 
a conventional manner. The pvimping unit 80 may be operated continuously or as needed 

15 to remove water drained fi-om the coal seam 15 into the enlarged cavity 20. 

FIGURES 4-6 are diagrams illustrating well bore patterns 50 for enhanced access 
to subtenanean resources in accordance with embodiments of the present inventipn. In 
these embodiments, the well bore patterns 50 comprise pinnate patterns that have a main 
or central well bore with generally symmetrically arranged and appropriately spaced 

20 lateral well bores extending firom each side of the main well bore. The pinnate pattern 
approximates the pattem of veins in a leaf or the design of a feather in that it has similar, 
substantially parallel, auxiliary well bore bores arranged in substantially equal and parallel 
spacing on opposite sides of an axis. The pinnate well bore pattem with its main or central 
bore and generally symmetrically arranged and appropriately spaced auxiHary lateral well 

25 bore bores on each side provides a uniform pattern for draining fluids firom a coal seam or 
other subterranean formation or for uniformly introducing a substance into the 
subterranean formation. As described in more detail below, the pinnate pattem provides 
substantially imiform coverage of a square, diamond, other quadrilateral, or grid area and 
may be spaced apart from each other for preparing the coal seam 15 for mining operations. 
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It will be understood that other suitable well bore patterns may be used in accordance with 



The pinnate and dther suitable well bore patterns drilled from the surface provide 
surface access to subterranean formations. The well bore pattern may be used to 
5 unifonnly remove and/or insert fluids or otherwise manipulate a subterranean deposit. In 
non-coal applications, the well bore pattern may be used initiating in-situ bums, "huff- 
puflf" steam operations for heavy crude oil, and the removal of hydrocarbons from low 
porosity reservoirs. 



10 embodiment of the present invention, hi tliis embodiment, the well bore pattern 100 
provides access to a substantially diamond or parallelogram-shaped area 102 of a 
subterranean resource. A number of the well bore patterns 100 may be used together to 
provide uniform access to a large subterranean region. The articulated well bore 30 
defines a first comer of the area 102. The well bore pattern 100 includes a main well bore 

15 104 extending diagonally across the area 102 to a distant comer 106 of the area 102. For 
drainage applications, the well bores 12 and 30 are positioned over the area 102 such that 
the well bore 104 is drilled up the slope of the coal seam 15. This will facilitate coUectidn 
of water, gas, and other fluids from the area 102. The well bore 104 is drilled using the 
articulated drill string 40 and extends from the enlarged cavity 20 in aUgnment with the 

20 articulated well bore 30. 

A plurality of lateral well bores 1 10 extend from the opposites sides of well bore 
104 to a periphery 1 12 of the area 102. The lateral well bores 110 may mirror each other 
on opposite sides of the well bore 104 or may be offset from each other along the well 
bore 104. Each of the lateral well bores 110 includes a radius curving portion 114 

25 extending from the weU bore 104 and an elongated portion 116 formed after the curved 
portion 114 has reached a desfred orientation. For uniform coverage of the area 102, pairs 
of lateral well bores 1 10 are substantially equally spaced on each side of the well bore 104 
and extend from the well bore 104 at an angle of approximately sixty degrees. The lateral 
well bores 110 shorten in length based on progression away from the enlarged diameter 

30 cavity 20 ui order to faciUtate drilling of the lateral well bores 110. The quantity and 



the present invention. 



FIGURE 4 is a diagram illustrating a well bore pattern 100 in accordance with an 
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spacing of lateral well bores 110 may be varied to accommodate a variety of resource 
areas, sizes and well bore requirements. For example, lateral well bores 110 may be 
drilled from a single side of the weU bore 104 to form a one-half pinnate pattern. 

The well bore 1 04 and the lateral well bores 1 1 0 are formed by drilling through the 

5 enlarged cavity 20 using the articulated drill string 40 and an appropriate drilling 
apparatus. During this operation, gamma ray logging tools and conventional measurement 
while drilling (MWD) technologies may be employed to control the direction and 
orientation of the drill bit so as to retain the well bore pattern 100 within the confines of 
the coal seam 15 and to maintain proper spacing and orientation of the well bore 104 and 

0 lateral well bores 110. As illustrated in FIGURE 4, the lateral well bores 110 are 
configured such that a distance or length of each lateral well bore 110 measured fi*om the 
periphery 112 to the cavity 20 or well bores 12 or 30 is substantially equal, thereby 
faciUtating the drilling of each lateral well bore 110. 

In a particular embodiment, the well bore 104 is drilled with an incline at each of a 

5 plurality of lateral kick-off points 108, After the well bore 104 is complete, the articulated 
drill string 40 is backed up to each successive lateral point 108 fi-om which a lateral well 
bore 1 10 is drilled on each side of the well bore 104. It should be understood that the well 
bore pattern 100 may be otherwise suitably formed in accordance with the present 
invention. 

[) FIGURE 5 illustrates a well bore pattem 140 in accordance with another 

embodiment of the present invention. The well bore pattem 140 includes three discrete 
well bore patterns 100 each draining a portion of a region 142 covered by the well bore 
pattem 140. Each of the well bore patterns 100 includes a well bore 104 and a set of 
lateral well bores 110 extending from the well bore 104. hi the tri-pmnate pattem 

> embodiment illustrated in FIGURE 5, each of the well bores 104 and 1 10 are drilled from 
a common articulated well bore 144 and fluid and/or gas may be removed from or 
introduced into the subterranean zone through a well bore 146 in communication with 
each well bore 104. This allows tighter spacing of the surface production equipment, 
wider coverage of a well bore pattem and reduces drilUng equipment and operations. 
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Each well bore 104 is fonned at a location relative to other well bores 104 to 
accommodate access to a particular subterranean region. For example, well bores 104 
may be fonned havmg a spacing or a distance between adjacent well bores 104 to 
accommodate access to a subterranean region such that only three well bores 104 are 
5 required. Thusj the spacing between adjacent well bores 104 may be varied to 
accommodate varied concentrations of resources of a subterranean zone. Therefore, the 
spacing between adjacent well bores 104 may be substantially equal or may vary to 
accommodate the unique characteristics of a particular subterranean resource. For 
example, in the embodiment illustrated in FIGURE 5, the spacing between each well bore 

10 104 is substantially equal at an angle of approxunately 120 degrees from each other, 
thereby resulting in each well bore pattern 100 extending in a direction approxunately 120 
degrees from an adjacent well bore pattern 100. However, other suitable weU bore 
spacing angles, patterns or orientations may be used to accommodate the characteristics of 
a particular subterranean resource. Thus, as illusb^ted in FIGURE 5, each well bore 104 

15 and corresponding well bore pattern 100 extends outwardly from well bore 144 in a 
different direction, thereby forming a substantially symmetrical pattern. As will be 
illustrated in greater detail below, the symmetrically formed well bore patterns may be 
positioned or nested adjacent each other to provide substantially unifonn access to a 
subterranean zone. 

20 In the embodiment illustrated in FIGURE 5, each well bore pattern 100 also 

includes a set of lateral well bores 148 extending from lateral well bores 110. The lateral 
well bores 148 may mirror each other on opposite sides of the lateral well bore 1 10 or may 
be ofiset from each other along the lateral well bore 110. Each of the lateral well bores 
148 includes a radius curving portion 160 exteriding from the lateral well bore 1 10 and an 

25 elongated portion 162 fonned after the curved portion 160 has reached a desired 
orientation. For uniform coverage of the region 142, pairs of lateral well bores 148 may 
be disposed substantially equally spaced on each side of fixe lateral well bore 110. 
Additionally, lateral well bores 148 extending froto one lateral well bore 110 may be 
disposed to extend between or proximate lateral well bores 148 extending from an 

30 adjacent lateral well bore 1 10 to provide unifonn coverage of the region 142. However, 
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the quantity, spacing, and angular orientation of lateral well bores 148 may be varied to 
accommodate a variety of resource areas, sizes and well bore requirements/ 

As described above in connection with FIGURE 4, each well bore pattern 100 
generally provides access to a quadrilaterally shaped area or region 102. hi FIGURE 4, 
5 the region 1 02 is substantially in the fonn of a diamond or parallelogram. As illustrated in 
FIGURE 5, the well bore patterns 100 may be arranged such that sides 149 of each 
quadrilaterally shaped region 148 are disposed substantially in common with each other to 
provide imifonn coverage of file region 142. 

FIGURE 6 illustrates an aligmnent or nested arrangement of well bore patterns 
10 within a subterranean zone in accordance with an embodiment of the present invention, hi 
this embodiment, three discreet well bore patterns 100 are used to fomi a series of 
generally hexogonally configured well bore patterns 150, for example, similar to the well 
bore pattern 140 illustrated in FIGURE 5. Thus, the well bore pattern 150 comprises a set 
of well bore sub-patterns, such as well bore patterns 100, to obtain a desired geometrical 
configuration or access shape. The well bore patterns 150 may be located relative to each 
other such that the well bore patterns 150 are nested in a generally honeycomb-shaped 
arrangement, thereby maximizing the area of access to a subterranean resource using 
fewer well bore patterns 1 50. Prior to mining of the subterranean resource, the well bore 
patterns 150 may be drilled from the surface to degasify the subterranean resource well 
20 ahead of mining operations. 

The quantity of discreet well bore patterns 100 may also be varied to produce other 
geometrically-configured well bore patterns such that the resulting well bore patterns may 
be nested to provide uniform coverage of a subterranean resource. For example, in 
FIGURES 5-6, three discreet well bore patterns 100 are illustrated in communication with 
25 a central well bore 1 04, thereby forming a six-sided or hexagonally configured well bore 
pattern 140 and 150. However, greater or fewer than three discreet well bore patterns 100 
may also be used in communication with a central well bore 104 such that a plurality of 
the resulting multi-sided well bore patterns may be nested together to provide uniform 
coverage of a subterranean resource and/or accommodate the geometric characteristics of 
30 a particular subterranean resource. 



15 
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FIGURES 7A and 7B illustrate a dual radius articulated well system 200 for 
enhanced access to a subterranean resource from a limited surface area in accordance with 
another embodiment of the present invention. In this embodiment, the subterranean 
resource is a coal seam. It should be imderstood that other subterranean formations and/or 
5 other low pressure, ultra-low pressure, and low porosity subterranean resources can be 
similarly accessed using the dual radius articulated well system 200 of the present 
invention to remove and/or produce water, hydrocarbons and other fluids in the resource, 
to treat minerals in the resource prior to mining operations, or to introduce or inject a fluid 
into tlie subterranean zone. In this embodiment, three discreet well bore patterns are 

10 fomied in communication with a single well bore. For ease of illustration, formation of a 
single well bore pattern is described in conjunction with FIGURE 7A; however, it should 
be understood that the formation of the well bore pattern may be duplicated for fomiing 
the additional well bore patterns. 

FIGURE 7A is a diagram illustrating a cross-sectional view of the system 200 in 

15 accordance with an embodiment of the present invention. A well bore 210 extends from 
the surface 14 to a first articulated well bore 230. The well bore 210 is lined with a 
SToitable well casing 215 that temiinates at or above the level of the articulated well bore 
230. A second well bore 220 extends from the intersection of the well bore 210 and the 
first articulated well bore 230 to a second articulated well bore 235. The second well bore 

20 220 is in substantial alignment with the first well bore 210, such that together they form a 
continuous well bore. An extension 240 to the second well bore 220 extends from the 
intersection of the second well bore 220 and a second articulated well bore 235 to a depth 
below the coal seam 15. In FIGURE 7A, well bores 210 and 220 are illustrated 
substantially vertical; however, it should be understood that well bores 210 and 220 may 

25 be formed having other angular orientations to accommodate surface 14 and/or coal seam 
15 geometric characteristics. 

The first articulated well bore 230 includes a radius portion 232. The second 
articulated well bore 235 includes a radius portion 237. The radius portion 237 is 
generally sized smaller than radius portion 232 to accommodate intersection of the second 

30 articulated av^U bore 235 with the first articulated well bore 230. The first articulated well 
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bore 230 communicates with an enlarged cavity 250. The enlarged cavity 250 is formed at 
the distal end of the first articulated well bore 230 at the level of flie coal seam 15. As 
described in more detail below, the enlarged cavity 250 provides a junction for 
intersection of a subsurface channel or well bore 225. 
5 In one embodiment, the enlarged cavity 250 is formed having a radius of 

approximately eight feet and a vertical dimension which equals or exceeds the vertical 
dimension of the coal seam 15. The enlarged cavity 250 is formed using suitable under- 
reaming techniques and equipment. However, the enlarged cavity 250 may be formed 
having other suitable geometric characteristics to accommodate fluid accumulation within 
10 the enlarged cavity 250. 

The well bore 225 is formed at the intersection of the second well bore 220 and 
the second articulated well bore 235. The well bore 225 extends through the coal seam 15 
and into the enlarged cavity 250. In FIGURE 7A, well bore 225 is illustrated substantially 
horizontal- however, it should be understood that well bore 225 may be formed at other 
angular orientations to accommodate the geometric characteristics of the coal seam 15. 
Alter the first articulated well bore 230 is formed, the enlarged cavity 250 is formed in the 
coal seam. After the enlarged cavity 250 has been fomied. drilling is continued through 
the cavity 250 to fonn a well bore pattern 50 in the coal seam 15. The well bore pattern 50" 
and other such well bores include sloped, undulating, or other inclinations of the coal seam 
15 or other subterranean resource. During this operation, gamma ray logging tools and 
conventional measurement while drilling devices may be employed to control and direct 
the orientation of drilling to retain the well bore pattern 50 within the confines of the coal 
seam 15 and to provide substantially unifomi coverage of a desired area within the coal 
seam 15. The well bore pattern 50 may include a pattern as illustrated in FIGURES 4-6; 
however, other suitable well bore patterns may also be used. Drilling mud and over- 
balance prevention operations may be conducted in the same manner as described in 
connection with FIGURES 1-3. 

After the well bore pattern 50 has been formed, the second well bore 220 may be 
formed. As described above, the second well bore 220 is formed at the intersection of the 
first well bore 210 and the first articulated well bore 230. After the well bore 220 is 
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drilled to the depth of the coal seam 15, the second articulated well bore 235 and the well 
bore 225 are formed. The second articulated well bore 235 is formed using conventional 
articulated drilling techniques. The well bore 225 is formed, using conventional drilling 
techniques and interconnects the second well bore 220 and the enlarged cavity 250 
5 through the second articulated well bore 235. Fluids collected from the well bore pattern 
50 flow througji the enlarged cavity 250 and along the well bore 225 and are removed via 
the second well bore 220 and the first well bore 210 to the surface 14. By drilling in this 
manner, a substantial area of a subsurface formation may be drained or accessed from a 
small area on the surface. 

10 FIGURE 7B is a diagram illustrating a top plan view of system 200 illustrated in 

FIGURE 7 A in accordance with an embodiment of the present invention. As illustrated in 
FIGURE 7B, each of three articulated well bores 230 and well bores 225 extend from well 
bore 210 in a position approximately 120 degrees apart from each other. Well bore 210 is 
drilled in a surface location at the approximate center of a desired total well bore area. As 

15 described above, articulated well bores 230 are drilled from a surface location proximate 
to or in common with the well bore 210. Well bore patterns 50 are drilled within the target 
subterranean resource from each articulated well bore 230. Also from each of the 
articulated well bores 230, an enlarged cavity 250 is fonned to collect resources draining 
from the well bore patterns 50. Each of three subsurface channel or well bores 225 is 

20 vdrilled to connect each of the enlarged cavities 250 with the well bore 210 as described 
above in coimection with FIGURE 7A. 

Resources from the target subterranean resource drain into well bore pattems 50, 
where the resources are collected in the enlarged cavities 250. From the enlarged cavities 
250, the resources pass through the well bores 225 and into the well bore 210. Once the 

25 resources have been collected in the well bore 210, they may be removed to the surface by 
the methods as described above. 

FIGURE 8 illustrates a well bore pattern 300 in the form of a pinnate pattern in 
accordance with another embodiment of the present invention. In this embodiment, an 
articulated well bore 330 defines a first comer of an area 332 of the resource. The well 

30 bore pattern 300 includes a main well bore 334 extending diagonally across the area 332 to 
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a distant comer 336 of the area 332. Preferably, a well bore 320 and the articulated well 
bore 330 are positioned oVer the area 332 such that the well bore 334 is drilled up the 
slope of the coal seam 15. This will facilitate collection of water, gas, and other fluids 
from the area 332. The well bore 334 extends from an enlarged cavity 322 in alignment 
5 with the articulated well bore 330, 

A plurality of lateral well bores 340 extend from the opposites sides of well bore 
334 to a periphery 342 of the area 332. The lateral well bores 340 may mirror each other 
on opposite sides of the well bore 334 or may be offset from each other along the well 
bore 334. Each of the lateral well bores 340 includes a first radius curving portion 344 

10 extending from the well bore 304, and an elongated portion 346. The first set of lateral 
well bores 340 located proximate to the cavity 322 may also include a second radius 
curving portion 348 formed after the first curved portion 344 has reached a desired 
orientation. In this set, the elongated portion 346 is formed after tlie second curved 
portion 348 has reached a desired orientation. Thus, the first set of lateral well bores 340 

15 kicks or turns back towards the enlarged diameter cavity 322 before extending outward 
through the formation, thereby extending the well bore area back towards the cavity 322 to 
provide uniform coverage of the area 332. For unifomi coverage of the area 332, pairs of 
lateral well bores 340 are substantially evenly spaced on each side of the well bore 334 
and extend from the well bore 334 at an angle of approximately 60 degrees. The lateral 

20 well bores 340 shorten in length based on progression a\vay from the enlarged diameter 
cavity 322 in order to facilitate drilling of the lateral well bores 340. 

The well bore 334 and the lateral well bores 340 are formed by drilling through the 
enlarged cavity 322 using the articulated drill string 40 and an appropriate drilling 
apparatus. During this operation, gamma ray logging tools and conventional measurement 

25 while drilling (MWD) technologies may be employed to control the direction aiid 
orientation of the drill bit so as to retain the well bore pattern 300 withiii the confines of 
the coal seam 1 5 and to maintain proper spacing and orientation of the well bore 334 and 
lateral well bores 340. In a particular embodiment, the well bore 334 is drilled with an 
incline at each of a plurality of lateral kick-off poiats 350. After the well bore 334 is 

30 complete, the articulated drill string 40 is backed up to each successive lateral point 350 
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from which a lateral well bore 340 is drilled on each side of the well bore 334 It will be 
understood that the pinnate well bore pattern 300 may be otherwise suitably formed in 
accordance with the present invention. 

HGURE 9 is a diagram illustrating a plan view of a well bore pattern 400 in 
5 accordance with an embodiment of the present invention. In this embodiment, well bore 
pattern 400 comprises two discreet well bore patterns 402 each providing access to a 
portion of a region 404 covered by the well bore pattern 400. Each of the well bore 
patterns 402 includes a well bore 406 and a set of lateral well bores 408 extending from 
the well bore 406. In the embodiment illustrated in FIGURE 9, each of the well bores 406 
10 and 408 are drilled from a common articulated well bore 410 and fluid and/or gas may be 
removed from or introduced into the subterranean zone through a well bore 412 in 
commumcation with each well bore 406. Jn this embodiment, the well bores 410 and 412 
are illustrated offset from each other; however, it should be understood that well bore 
pattern 400 may also be formed using a conmron surface well bore configuration, such as 
15 dlustrated in FIGURE 7A. This allows tighter spacmg of the surfece production 
equipment, wider coverage of a well bore pattern and reduces driUing equipment and 
operations. 

Referring to FIGURE 9, the well bores 406 are disposed substantially opposite 
^ each other at an angle of approximately 180 degrees, thereby resulting in each well bore 
pattern 402 extending in an opposite direction. However, other suitable well bore spacing 
angles, patterns or orientations may be used to accommodate the characteristics of a 
particular subterranean resource. In the embodiment illustrated in FIGURE 9, each well 
bore pattern 402 includes lateral well bores 408 extending from well bores 406 The 
lateral well bores 408 may mirror each other on opposite sides of the weU bores 406 or 
25 may be offset from each other along the well bores 406. Each of the lateral well bores 408 
includes a radius curving portion 418 extending from the weU bore 406 and an elongated 
portion 420 formed after the curved portion 418 has reached a desired orientation For 
umform coverage of the region 404, pairs of lateral well bores 408 may be disposed 
substantially equally spaced on each side of the well bore 406. However, the quantity 
spacmg, and angular orientation of lateral well bores 408 may.be varied to accommodate a 
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variety of resource areas, sizes and well bore requirements. As described above, the 
lateral well bores 408 may be formed such that the length of each laterM well bore 408 
decreases as the distance between each respective lateral well bore 408 and the well bores 
410 or 412 increases. Accordingly, the distance from the well bores 410 or 412 to a 
periphery of the region 404 along each lateral well bore 408 is substantially equal, thereby 
providing ease of well bore formation. 

In this embodiment, each well bore pattern 402 generally provides access to a 
triangular shaped area or region 422. Tlie triangular shaped regions 422 are formed by 
disposing the lateral well bores 408 substantially orthogonal to the well bores 406. The 
triangular shaped regions 422 are disposed adjacent each other such that each region 422 
has a side 424 substantially in common with each other. The combination of regions 422 
thereby fomis a substantially quadrilateral shaped region 404. As described above, 
multiple well bore patterns 400 may be nested together to provide substantially uniform 
access to subterranean zones. 

FIGURE 10 is a flow diagram illustrating a method for enhanced access to a 
subterranean resource, such as a coal seam 15, in accordance with an embodiment of the 
present invention. In this embodiment, the method begins at step 500 in which areas to be 
drained and well bore patterns for the areas are identified. Pinnate well bore pattems may 
be used to provide optimized coverage for the region. However, it should be understood 
that other suitable well bore pattems may also be used. 

Proceeding to step 502, the first well bore 12 is drilled from the surface 14 to a 
predetermined depth through the coal seam 15. Next, at step 504, down hole logging 
equipment is utiHzed to exactly ideiitify the location of the coal seam in the well bore 12. 
At step 506, the enlarged cavity 22 is fomied in the first well bore 12 at the location of the 
coal seam 15. As previously discussed, the enlarged cavity 20 may be formed by imder 
reaming and other conventional techniques. 

At step 508, a second well bore 12 is drilled from the surface 14 to a predetermined 
depth through the coal seam 15. The second well bore 12 is disposed offset fi-om the first 
well bore 12 at the surface 14. Next, at step 510, down hole logging equipment is utihzed 
to exactly identify the location of the coal seam in the second well bore 12. At step 512, 
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the enlarged cavity 22 is formed in the second well bore 12 at the location of the coal seam 
15. At step 514, a third well bore 12 is drilled from the surface 14 to a predetermined 
depth through the coal seam 15. The third well bore 12 is disposed offset for the first and 
second well bores 12 at the surface. For example, as described above the first, second and 
5 third well bores 12 may be disposed having an approximately 120 degree spacing relative 
to each other and be equally spaced from a median location of a well bore area. Nextj at 
step 516, down hole logging equipment is utilized to exactly identify the location of the 
coal seam 15 in the third well bore 12. At step 518, the enlarged cavity 22 is formed in the 
third well bore 12 at the location of the coal seam 15. 

10 Next, at step 520, tiie articulated well bore 30 is drilled to intersect the enlarged 

cavities 22 formed in the first, second and third well bores 12. At step 522, the well bores 
104 for the pinnate well bore pattems are drilled through the articulated well bore 30 into 
the coal seam 15 extending from each of the enlarged cavities 20. After formation of the 
well bore 104, lateral bores 110 for the pinnate well bore pattern aie drilled at step 524. 

15 Lateral well bores 148 for the pinnate well bore pattern are formed at step 526. 

At step 528, the articulated well bore 30 is capped. Next, at step 530, the enlarged 
cavities 22 are cleaned in preparation for installation of downhole production equipment. 
The enlarged cavities 22 may be cleaned by pumping compressed air down the first, 
second and tliird well bores 12 or other suitable techniques. At step 532, production 

20 equipment is installed in the first, second and third well bores 12. The production 
equipment may include a sucker rod pump extending down into the cavities 22 for 
removing water from the coal seam 15. The removal of water will drop the pressure of the 
coal seam and allow methane gas to diffuse and be produced up the annulus of the first, 
second and third well bores 12. 

25 Proceeding to step 534, water that drains from the well bore pattems into the 

cavities 22 is pumped to the surface 14. Water inay be continuously or intermittently 
. pumped as needed to remove it from the cavities 22. At step 536, metliane gas diffiised 
from the coal seam 15 is continuously collected at the surface 14. Next, at decisional step 
538, it is determined whether the production of gas from the coal seam 15 is complete. In 

30 one embodiment, the production of gas may be complete after the cost of the collecting the 
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gas exceeds the revenue generated by the well. In another embodiment, gas may continue 
to be produced from die Well until a remaining level of gas in the coal seam 15 is below 
required levels for mining operations. If production of the gas is not complete, the method 
returns to steps 534 and 536 in which water and gas continue to be removed from the coal 
5 seam 15. Upon completion of production, the method proceeds to step 540 in which the 
production equipment is removed. 

Next, at decisional step 542, it is determined whether the coal seam 15 is to be 
fiirther prepared for mining operations. If the coal seam 15 is to be further prepared for 
mining operations, the method proceeds to step 544, where water and other additives may 

10 be injected back into the coal seam 15 to rehydrate the coal seam 15 in order to minimize 
dust, improve the efficiency of mining, and improve the mined product. 

If additional preparation of tlie coal seam 15 for mining is not required, the method 
proceeds from step 542 to step 546, where the coal seam 15 is mined. The removal of the 
coal from the coal seam 15 causes the mined roof to cave and fracture into the opening 

15 behind the mining process. The collapsed roof creates gob gas which may be collected at 
step 548 through the first, second and third well bores 12. Accordingly, additional drilling 
operations are not required to recover gob gas from a mined coal seam 15. Step 548 leads 
to the end of the process by which a coal seam 15 is efficiently degasified from the 
surface. The method provides a symbiotic relationship with the mine to remove unwanted 

20 gas prior to mining and to rehydrate the coal prior to the mining process. 

Although the present invention has been described with several embodiments, 
various changes and modifications may be suggested to one skilled in the art. It is 
intended that the present invention encompass such changes and modifications as fall 
within the scope of the appended claims. 
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WHAT IS CLAIMED IS : 

1. A subterrandan well bore pattern for accessing an area of a subterranean 
zone from the surface, comprising: 

a first well bore extending from a surface well bore substantially defining a first 
end of the area in the subterranean zone to a distant end of the area; and 

a pliuahty of lateral well bores extending outwardly from the first well bore, 
wherein a distance from an end of a lateral well bore to the surface well bore is 
substantially equal for each of the lateral well bores. 

2. The well bore pattem of Claim 1, wherein the plurality of lateral well bores 
comprises: 

a first set of lateral well bores extending outwardly fiom a first side of tlie fir st well 
bore; and 

a second set of lateral well bores extending outwardly from a second side of the 
first well bore. 

3. The well bore pattem of Claim 2, firrther comprising a third set of lateral 
well bores extending outwardly from the first and second sets of lateral well bores. 

4. Tl^e well bore pattem of Claim 1, wherein the plurality of lateral well bores 
each extend to a periphery of the area. 

5. The well bore pattem of Claim 1, wherein each of the plurality of lateral 
well bores are substantially evenly spaced from each other. 

6. The well bore pattem of Claim 1, wherein at least one of the plurality of 
lateral well bores comprises: 

a first radiused portion extending from the first well bore; 

a second radiused portion extending from the first radiused portion; and 

an elongated portion extending from the second radiused portion. 
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7. The well Kore pattern of Claina 6, wherein the second radiused portion 
extends toward the surface well bore. 

5 8. The well bore pattern of Claim 1, wherein the area substantially comprises 

a quadrilateral, and wherein the .ends comprise distant end of the quadrilateral. 

9. The well bore pattern of Claim 8, wherein each of the plurality of lateral 
well bores extends to a periphery of the quadrilateral. 

10 

10. A method for accessing an area of a subterranean zone from the surface, 
comprising: 

forming a first well bore extending from a surface well bore substantially defining 
a first end of the area in the subterranean zone to a distant end of the area; and 
15 fomiing a pluraUty of lateral well bores extending outwardly from the first well 

bore, wherein a distance from an end of a lateral well bore to the surface well bore is 
substantially equal for each of the lateral well bores. 

1 1 . The method of Claim 1 0, wherem forming the plurality of lateral well bores 
20 comprises: 

forming a first set of lateral well bores extending outwardly from a first side of the 
first well bore; and 

fonning a second set of lateral well bores extending outwardly from a second side 
of the first well bore. 

25 

12. The metliod of Claim 10, wherein forming the plurality of lateral well bores 
comprises: 

fonning a first set of lateral well bores extending outwardly from a first side of the 
first well bore; 
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fonning a second set of lateral well bores extending outwardly from a second side 
of the first well bore; and * 

forming a third set of lateral well bores extending outwardly from the first and 
second sets of lateral well bores. 
5 . 

13. The method of Claim 10, wherein fonning the plurality of lateral well bores 
comprises extending each of the plurality of lateral well bores to a periphery of the area. 

14. The method of Claim 1 0, wherein forming the plurality of lateral well bores 
10 comprises disposing each of the plurality of lateral well bores substantially evenly spaced 

from each other. 



15. The method of Claim 10, wherein forming at least one of the plurality of 
lateral well bores comprises: 

15 forming a first radiused portion extending from the first well bore; 

forming a second radiused portion extending from the first radiused portion; and 
forming an elongated portion extending from the second radiused portion. 

16. The method of Claim 15, wherein forming the second radiused portion 
20 comprises extending the second radiuses portion toward the surface well bore. 

17. The method of Claim 10, wherein forming the first well bore and the 
plurality of lateral well bores comprises disposing the first well bore and the plurality of 
lateral well bores to form a substantially quadrilateral area, wherein the ends of the first 

25 well bore comprise distant end of the quadrilateral area. 

18. The method of Claim 17, wherein forming the plurality of lateral well 
bores fiirther comprises extending each of the lateral well bores to a periphery of the 
quadrilateral area. 

30 
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1 9. The method of Claim 1 0, wherein fomiing the pliirality of lateral well bores 
comprises: * 

forming a first set of lateral well bores extending outwardly fi-om a first side of the 
first well bore; and 

5 forming a second set of lateral well bores extending outwardly firom a second side 

of the first well bore, the second side opposite firom the first side. . 

20. The method of Claim 19, wherein forming the first and second sets of 
lateral well bores comprises forming each of the first set of lateral well bores opposite a 

10 corresponding one of the second set of lateral well bores. 

21. A system for accessing a subterranean zone from the surface, comprising: 

a first well bore pattern extending from a surface well bore, the first well bore 
pattern forming a first substantially quadrilateral area; and 
15 a second well bore pattem extending from the surface well bore, the second well 

bore pattem forming a second substantially quadrilateral area, and wherein a first side of 
the first quadrilateral area is disposed substantially in common with a first side of the 
second quadrilateral area. 



20 22. The systeni of Claim 21, wherein each of the first and second well bore 

patterns comprises: 

a first well bore extending from the surface well bore, the first well bore extending 
from a first end to a distant end of a respective quadrilateral area; and 

a plurality of lateral well bores extending outwardly from the first well bore. 

25 

23. The system of Claim 22, wherein a distance from an end of a lateral well 
bore to the surface well bore is substantially equal for each of the lateral well bores. 

24. The system of Claim 21, wherein each of the first and second well bore 
30 patterns comprises: 
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a first well bore extending from the surface well bore, the first well bore extending 
from a first end to a distant end of a respective quadrilateral area; 

a first set of lateral well bores extending outwardly from the first well bore; and 
a second set of lateral well bores extending outwardly from the fiist set of lateral 
5 well bores. 

25. The system of Claim 21, wherein each of the first and second well bore 
patterns comprise: 

a first well bore extending from the surface weU bore, the first well bore extending 
10 from a first end to a distant end of a respective quadrilateral area; and 

a plurality of lateral well bores extending outwardly from the first weU bore, each 
of the plurality of lateral well bores substantially equally spaced apart from each other. 



15 



26. The system of Claim 21. further comprising a third well bore pattern 
extending from the surface well bore, the tliird well bore pattern fonning a third 
substantially quadrilateral area, and wherein a first side of the thfrd quadrilateral area is 
disposed substantially in common with a second side of the first quadrilateral area. 

27. The system of Claim 21. wherein each of the first and second well bore 
20 patterns comprise: 

a first well bore extending from the surface well bore, the first well bore extending 
fix>m a first end to a distant end of a respective quadrilateral area; and 

a plurality of lateral well bores extending outwardly from the first well bore, a 
length of each of the lateral well bores decreasing as a distance from a respective lateral 
25 well bore and the surface well bore increases. 

28. A method for accessing a subterranean zone from the surface, comprising: 
forming a first well bore pattern in the form of a fn-st substantially quadrilateral 

area, the first well bore pattern extending from a surface well bore; and 
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forming a second well bore pattern in the form of a second substantially 
quadrilateral area, the second well bore pattern extending from the surface well bore, and 
wherein a first side of the first quadrilateral area is disposed substantially in common with 
a first side of the second quadrilateral area. 

5 

29. The method of Claim 28, The system of Claim 21, wherein each of the first 
and second well bore patterns comprise: 

a first well bore extending from the surface well bore, the first well bore extending 
from a first end to a distant end of a respective quadrilateral area; and 
10 a plurality of lateral well bores extending outwardly from the first well bore. 

30. The method of Claim 22, wherein forming the plurality of lateral well bores 
comprises forming the lateral well bores such tliat a distance from an end of a lateral well 
bore to the surface well bore is substantially equal for each of the lateral well bores. 

15 

31. The method of Claim 28, wherein forming each of the first and second well 
bore patterns comprises: 

forming a first well bore extending from the surface well bore, the first well bore 
extending from a first end to a distant end of a respective quadrilateral area; 
20 forming a first set of lateral well bores extending outwardly from the first well 

bore; and 

forming a second set of lateral well bores extending outwardly from the first set of 
lateral well bores. 

25 32. The method of Claim 28, wherein forming each of the first and second well 

bore patterns comprises: 

forming a first well bore extending from the surface well bore, the first well bore 
extending from a first end to a distant end of a respective quadrilateral area; and 
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forming a plurality of lateral well bores extending outwardly from the fii^t well 
bore, each of the plurality bf lateral well bores substantially equally spaced apart from 
each other. 

5 33. The method of Claim 28, fiirther comprising forming a third well bore 

pattern in the form of a third substantially quadrilateral area, the third well bore pattern 
extending from the surface well bore, and wherein a first side of the third quadrilateral 
area is disposed substantially in common with a second side of the first quadrilateral area. 

10 34. The method ofClaim 28, wherein forming each ofthe first and second well 

bore patterns comprises: 

fomiing a first well bore extending from the surface well bore, flie fast well bore 
extending from a furst end to a distant end of a respective quadrilateral area; and 

fomiing a plurality of lateral well bores extending outwardly from the first well 
15 bore, a length of each of the lateral well bores decreasing as a distance from a respective 
lateral well bore and the surface well bore increases. 

35. A system for accessing a subterranean zone from the surface, comprising: 

a surface well bore extending from the surface to the subterraoean zone; and 
20 a plurality of well bore patterns disposed within the subterranean zone each 

extending in a different direction from the surface well bore, the plurality of well bore 
patterns symmetrically disposed about the surface well bore. 

36. The system of Claim 35, wherein each of the plurality of well bore patterns 
25 comprises: 

a first well bore extending outwardly from the surface well bore; and 

a plurality of lateral well bores extending outwardly from the first well bore. 

37. The system of Claim 36, wherein the lateral weU bores are disposed 
30 substantially evenly spaced apart from each otlier. 
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38. The system of Claim 36, wherein a length of a respective lateral well bore 
decreases as a distance from the respective lateral well bore to the surface well bore 
increases. 

39. The system of Claim 36, wherein a distance from each of the lateral well 
bores to the surface well bore is substantially equal. 

40. The system of Claim 35, wherein each of the plurality of well bore patterns 
forms a substantially quadrilateral shape. 

41 . The system of Claim 35, wherein each of the well bore patterns comprises: 
a first well bore extending from the surface well bore; 

a first set of lateral well bores extending outwardly fi om a first side of the first well 
bore; and 

a second set of lateral well bores extending outwardly from a second side of the 
first well bore. 

42. The system of Claim 41, wherein each of the first set of lateral well bores is 
disposed opposite a corresponding one of the second set of lateral well bores. 

43. A method for accessing a subterranean zone from the surface, comprising: 
forming a surface well bore extending from the surface to the subterrianean zone; 

and 

forming a plurality of well bore patterns disposed within the subterranean zone 
each extending in a different direction from the surface well bore, tlie pliurality of well 
bore patterns symmetrically disposed about the surface well bore. 

44. The method of Claim 43, wherein forming each of the pluraUty of well bore 
patterns comprises: 
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forming a first well bore extending outwardly firom the surface well bore; and 
forming a plurality 'of lateral well bores extending outwardly firom the first well 

bore. 

45. The method of Claim 44, wherein forming the lateral well bores comprises 
disposing each of the lateral well bores substantiaUy evenly spaced apart from each other. 

46. The method of Claim 44, wherein forming the lateral well bores comprises, 
fomiing each lateral well bore such that a length of the lateral well bore decreases as a 
distance from the respective lateral well bore to the surface well bore increases. 

47. The method of Claim 44, wherein fomiing the lateral well bores comprises 
fomiing each of the lateral well bores such that a distance from each of the lateral well 
bores to the surface well bore is substantially equal. 

48. The method ofClaim 43, wherein forming each ofthe plurality of well bore 
patterns comprises forming each of the plurality of well bore patterns having a 
substantially quadrilateral shape. 

49. The method of Claim 43, wherein fomiing each of the well bore patteriis 
comprises: 

fomiing a first well bore extending from the surface well bore; 
forming a first set of lateral well bores extending outwardly from a first side of the 
first well bore; and 

forming a second set of lateral well bores extending outwardly from a second side 
of tiie first well bore. 

50. The method of Claim 49, wherein forming the first and second sets of 
lateral well bores comprises fomiing each ofthe first set of lateral well bores opposite a 
corresponding one ofthe second set of lateral well bores. 
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51. A system fdr accessing a subterranean zone from the surface, comprising: 

a first well bore pattern disposed within the subterranean zone extending from a 
first surface well bore; and 

5 a second well bore pattern disposed within the subterranean zone extending from a 

second surface well bore, the first and second well bore patterns configured to nest 
adjacent each other within the subterranean zone. 

52. The method of Claim 51, wherein each of the first and second well bore 

10 patterns comprises: 

a first well bore extending from a respective surface well bore; and 

a plurality of lateral well bores extending outwardly from the first well bore. 

53. The system of Claim 51, wherein each of the first and second well bore 
15 patterns comprises: 

a plurality of main well bores extending outwardly from a respective surface weU 
bore; and 

a plurality of lateral well bores extending outwardly from each of the plurality of 
main well bores. 
20 • . 

54. The system of Claim 53, wherein the plurality of main well bores are 
symmetrically disposed about the respective surface well bore. 

55. The system of Claim 53, wherein a length of each of the lateral well bores 
25 decreases as a distance between the respective lateral well bore and a respective surface 

well bore increases. 

56. The system of Claim 51, wherein each of the first and second well bore 
patterns comprises: 
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a plurality of main well bores extending outwardly from a respective surface well 
bore; * 

a first set of lateral well bores extending outwardly firom a first side of each of the 
plurality of main well bores; and 
5 a second set of lateral well bores extending outwardly fi-om a second side of each 

of the main well bores. 

57. The system of Claim 56, wherein each of the first set of lateral well bores is 
disposed opposite a corresponding one of the second set of lateral well bores. 

10 

58. A method for accessing a subterranean zone from the surface, comprising: 
fomiing a first well bore pattern extending firom a first surface well bore and 

disposed within the subterranean zone; and 

forming a second well bore pattern extending fi-om a second surface well bore and 
15 disposed within the subterranean zone, the first and second well bore patterns arranged to 
nest adjacent each other within the subterranean zone. 

59. The method of Claim 58, wherein forming each of the first and second well 
bore patterns comprises: 

20 forming a first well bore extending firom a respective surface well bore; and 

foraiing a plurality of lateral well bores extending outwardly firom the first well 

bore. 

60. The method of Claim 58, wherein forming each of the first and second well 
25 bore patterns comprises: 

forming a plurality of main well bores extending outwardly fi-om a respective 
surface well bore; and 

forming a plurality of lateral well bores extending outwardly firom each of the 
plurality of main well bores. 

30 
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61. The method of Claim 60, wherein forming the plurality of main well bores 
comprises forming the pfurality of main well bores symmetrically disposed about the 
respective surface well bore. 

5 62. The method of Claun 60, wherein fomiing the lateral well bores comprises 

forming each of the lateral well bores having a length that decreases as a distance between 
the respective lateral well bore and a respective surface well bore increases. 

63. The method of Claim 58, wherein forming each of the first and second well 
10 bore patterns comprises: 

fomiing a plurality of main well bores extending outwardly from a respective 
surface well bore; 

fomiing a first set of lateral well bores extending outwardly from a first side of 
each of the plurality of main well bores; and 
1 5 forming a second set of lateral weU bores extending outwardly from a second side 

of each of the main well bores. 

64. The method of Claim 63, wherein forming each of the first set of lateral 
well bores comprises forming each of the first set of lateral well bores opposite a 

20 corresponding one of the second set of lateral well bores. 

65. A method for accessing a subtoranean zone from the surface, comprising: 
forming a first well bore extending from the surface to the subterranean zone; 
forming a second weU bore extending from the surface to the subterranean zone, 

25 the second well bore intersecting the first well bore at a junction proximate the 
subterranean zone; 

forming a well bore pattern within flie subterranean zone extending from the 
junction using a drill string extending downwardly through the second well bore; 

supplying drilling fluid downwardly through the drill string to remove cuttings 
30 generated by the drill string; and 



BCKDCID: <WO 0205945SA1 I > 



wo 02/059455 PCT/US02/01 325 



35 



minimizing down-hole pressure within the subterranean zone by pumping the 
driUing fluid and the cuttings to the surface through the first well bore. 

66. The method of Claim 65, wherein fonning the second well bore comprises 
5 fonning the second well bore offset firom the first well bore at the surface. 

67, The method of Claim 65, wherein forming the second well bore comprises 
forming the second well bore extending firom the first well bore at a location between the 
surface and the subterranean zone. 



10 



15 



68. The method of Claim 65, wherein fonning the well bore pattem comprises: 
forming a main well bore extending from the jxmction; and 

forming a plurahty of lateral well bores extending outwardly fi-om the main well 

bore. 



69. The method of Claim 65, wherein forming the well bore pattem comprises: 
forming a main well bore extending firom the junction; 

forming a first pluraUty of lateral well bores extending outwardly firom the main 
well bore; and 

20 forming a second plurality of lateral well bores extending firom the first plurality of 

lateral well bores. 

70. The method of Claim 65, wherein forming the well bore pattem comprises: 
forming a main well bore extending firom the junction; and 

25 forming a plurality of lateral well bores extending outwardly firom the main well 

bore, a length of each of the lateral well bores decreasing as a distance firom the respective 
lateral well bore and the jimction increases. 

71. Te method of Claim 65, further comprisiug forming an enlarged cavity at 
30 the junction of the first and second well bores. 



OCID:<WO 02059455At I > 




5DOCID: <WO_.02059455A1^I > 




5DCX;iD:<WO 02059455A1 I > 



wo 02/059455 



PCT/US02/01325 



5/10 




Ij_il2jO 
225 J k 225 




XJID: <WO_020594S5A1_I. 




3DCX:iD:<WO n2nB94SBA1 I > 




DCID: <WO_020S9455A1.I_> 



wo ()2/«59455 

PCT/US(>2/01325 



9/10 



400 



/ 420 



408 



422 



424 



\ 



. 402 

X 



406 



418 



4T05P-412 

—V^, 



422^\ 



J ^41 2 



408 



418 



\ 



420 
\ ^ 



FIG. 9 



\ 



\ 



-406 



\ 



408 



408 



-7 



' 402 



404 



SDOCID:<WO 02059455A1 I > 



wo »2/«59455 



PCT/US02/0J325 



500- 

502- 
504- 

506- 

508- 
510- 

512- 



514- 

516- 
518- 

520- 



522- 



( START ) 



10/10 



FIG, 10 



IDENTIFY DRAINAGE AREA AND 
DRAINAGE PATTERNS 



I 



DRILL FIRST SUBSTANTIALLY 
VERTICAL WELL BORE 



T 



IDENTIFY COAL SEAM 



I 



FORM CAVITY IN THE FIRST 
VERTICAL WELL BORE PROXIMATE 
THE COAL SEAM 



I 



DRILL SECOND SUBSTANTIALLY 

VERTICAL WELL BORE 
HORIZONTALLY OFFSET FROM 
THE FIRST VERTICAL WELL BORE 



IDENTIFY COAL SEAM 



FORM CAVITY IN THE SECOND 
VERTICAL WELL BORE PROXIMATE 
THE COAL SEAM 



I 



DRILL THIRD SUBSTANTIALLY 

VERTICAL WELL BORE 
HORIZONTALLY OFFSET FROM 
THE FIRST AND SECOND 
VERTICAL WELL BORES 



J 



IDENTIFY COAL SEAM 



I 



FORM CAVITY IN THE THIRD 
VERTICAL WELL BORE PROXIMATE 
THE COAL SEAM 



T 



DRILL ARTICUUTED WELL BORE 

TO INTERSECT THE CAVITIES 
FORMED IN THE FIRST. SECOND 
AND THIRD VERTICAL WELL BORES 



T 



DRILL HORIZONTAL WELL BORE 
EXTENDING FROM EACH CAVITY 
TO FORM THE PINNATE 
DRAINAGE PAHERN 



1 



DRILL FIRST SET OF LATERAL 
WELL BORES FOR PINNATE 
DRAINAGE PATTERN 



I. 



DRILL SECOND SET OF LATERAL 
WELL BORES FOR PINNATE 
DRAINAGE PATTERN 



I 



CAP THE ARTICULATED WELL BORE 
^ ~ 



CLEAN EACH OF THE CAVITIES 



INSTALL PUMPING AND 
PRODUCTION EQUIPMENT 



PUMP WATER FROM THE CAVITIES 



I 



COLLECT GAS FROM 
THE COAL SEAM 




-524 

-526 

-528. 
-530 

-532 

-534 
-536 



REMOVE PUMPING AND 
PRODUCTION EQUIPMENT 




-540 



INJECT WATER AND 
OTHER ADDITIVES 



5 



MINE COAL SEAM 



COLLECT GOB GAS 



( END ) 



\ 

-544 

-546 
-548 



OCirVKWO 020S9455A1 r 



TIONAL SEARCH REPORT 



>nal Application No 

PCT/US 02/01325 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 E21B43/00 E21B43/30 



According to International Palent ClassiilcatiQn (IPC) or lo both national classUication and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classiticatlon system followed bv classification svmbols^ 

IPC 7 E21B E21F 



Documentation searched other than minimum documentation lo the extenl that such documents are included in the fields searched 



Electronic data base consulted durwig the intemationaj search (nanr»e of data base and. where practical, search terms used) 

EPO-Internal , PAJ, WPI Data 



C. DOCUMENTS CONSIDERED TO BE RELEVAI^ 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



wo 00 31376 A (CDX GAS LLC) 
2 June 2000 (2000-06-02) 

page 14, line 23 -page 15, line 12; 
figures 1-7 

page 15, line 22 -page 16, line 22 

US 5 074 360 A (GUINN JERRY H) 
24 December 1991 (1991-12-24) 



column 6, line 56 -column 7, line 9; 
figures 4,5 

-/- 



1-5, 

8-14, 

17-71 



1,2,4,5, 
8-11,13, 
14, 

17-20, 
51,52, 
58,59, 
65,66 



I X| Further documents are listed in tlie conlintiaUon of box C. 



Patent family members are listed in annex. 



* Special categories of cited documents : 

•A' document defining the general stale of the ari which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

■L* document which may throw doubts on priority claimfs) or 
which is cited to establish the publication dale of another 
citation or other special reason (as specified) 

'O" document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the international filing date but 
later than the priority date claimed 



■T' later document published after the international filing dale 
or ptionly dale and not in conUlci wilh the appJIcalion but 
cited to understand the principle or theory underlying the 
invention 

■X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is tal<en alone 

•y document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person sidiied 
in the art. 

*&* document member of the same patent fannily 



Date of the actual completion of the international search 



5 June 2002 



Date of mailing of the intemational search report 

14/06/2002 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Palenllaan 2 
NL-2280HVRijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31-70)340-3016 



Authorized officer 



Dantinne, P 



Foim PCT;1SA/210 (second sheet) (July 1992) 



< WO_0205945SA 1 J_> 



page 1 of 2 




INTERN ATIONA~ iRCH REPORT 


Ir >nal Application No 

.'PCT/US()2/01325 


C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with Indication »where appropriate, of ttie relevant passages 



Relevant to claim No. 



us 6 050 335 A (PARSONS LESLIE JAMES) 
18 April 2000 (2000-04-18) 

column 4, line 49. -column 5, line 7; claim 
4; figure 3 

US 4 605 076 A (GOODHART MILTON E) 
12 August 1986 (1986-08-12) 
column 7, line 48 -column 8, line 29; 
figure 2A 

US 4 705 431 A (GADELLE CLAUDE ET AL) 
10 November 1987 (1987-11-10) 



column 5, line 58 -column 6, line 3; 
figures 5,6 

US 4 611 855 A (RICHARDS WALTER L) 
16 September 1986 (1986-09-16) 



column 4, line 62 -column 5, line 17; 
figures 3,5 

column 5, line 32 - line 63 

US 4 283 088 A (TABAKOV VLADIMIR P ET AL) 
11 August 1981 (1981-08-11) 



column 6, line 49 - line 68; figure 1 



1,6.10, 

15,51, 

52,58,59 



35-37, 
41-45 



1,10,21, 
28,35, 
43,51, 
58,65 



1,10,21, 
28,35, 
43,51, 
58,65 



1,10,21, 
28,35, 
43,51, 
58,65 




I 



INTERNATIONrmH REPORT r^; 

onal Application No 

^nonpatent family members 

•■PCT/US(I2II325 



Patent dxument 


Publication 




Patent laml 


Publication 


died in search report 


date 




iiieiiiber(s) 


, date . 


HO 0031376 A 


02-OHOOO 


OS 


6280000 d1 


28-08-2001 






All 


Ai Ai AAA 1 

3101800 11 


13-06-2000 






C« 


1333858 T 


30-01-2002 






EP 


1131535 fl 


12-05-2001 






UO 


0031376 112 


02-06-2000 






US 


6351523 Bl . 


.. 19-03-2002 




t 


OS 


2001015571 Al 


:23-08-2001 






US 


2001010432 Al . 


02-08-2001 



US 5074360 A 21-12-1991 



US 6050335 A 18-04-2000 CA 2252192 Al 29-12-1998 



A 12-08-1986 68 2162565 A, B 05-02-1986 

i 853033 A ,B, 0H2-1986 

US 4646836 A 03-03-1987 

US 4753485 A 28-06-1988 



US 4705431 A 10-11-1987 PR 2557195 Al 28-06-1985 

BR 8406663 A 22-10-1985 
CA 1297785 Al 24-03-1992 



